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Abstract  
Context: The onset of psychosis is usually preceded by psychotic experiences, but little is 
known about their causes.  The present study investigated the degree of genetic and 
environmental influences on specific psychotic experiences, assessed dimensionally, in 
adolescence in the community and in individuals with many, frequent experiences (defined 
using quantitative cut-offs).  The degree of overlap in etiological influences between specific 
psychotic experiences was also investigated 
Objective:  Investigate degree of genetic and environmental influences on specific psychotic 
experiences, assessed dimensionally, in adolescence in the community and in individuals having 
many, frequent experiences (defined using quantitative cut-offs).   Test degree of overlap in 
etiological influences between specific psychotic experiences.  
 Design: Classic twin design. Structural equation model-fitting.  Univariate and bivariate twin 
models, liability threshold models, DeFries-Fulker extremes analysis and the Cherny Method.  
Setting: Representative community sample of twins from England and Wales. 
Participants: 5059 adolescent twin pairs (Mean age: 16.31 yrs, SD: 0.68 yrs). 
Main outcome measure: Psychotic experiences assessed as quantitative traits (self-rated 
paranoia, hallucinations, cognitive disorganization, grandiosity, anhedonia; parent-rated 
negative symptoms). 
Results: Genetic influences were apparent for all psychotic experiences (15-59%) with modest 
shared environment for hallucinations and negative symptoms (17-24%) and significant 
nonshared environment (49-64% for the self-rated scales, 17% for Parent-rated Negative 
Symptoms).  Three different empirical approaches converged to suggest that the etiology in 
extreme groups (most extreme-scoring 5%, 10% and 15%) did not differ significantly from that 
of the whole distribution.  There was no linear change in the heritability across the distribution 
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of psychotic experiences, with the exception of a modest increase in heritability for increasing 
severity of parent-rated negative symptoms.   Of the psychotic experiences that showed 
covariation, this appeared to be due to shared genetic influences (bivariate heritabilities = .54-
.71). 
Conclusions and Relevance:  These findings are consistent with the concept of a psychosis 
continuum, suggesting that the same genetic and environmental factors influence both extreme, 
frequent psychotic experiences and milder, less frequent manifestations in adolescents.  
Individual psychotic experiences in adolescence, assessed quantitatively, have lower heritability 
estimates and higher estimates of nonshared environment than those for the liability to 
schizophrenia.  Heritability varies by type of psychotic experience, being highest for paranoia 
and parent-rated negative symptoms, and lowest for hallucinations.  
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Introduction   
The symptoms evident in people with psychotic disorders can also be experienced by people 
who are at increased risk of developing a psychotic disorder and in the general population (1).  
Across these populations, psychotic experiences appear to be associated with similar 
environmental factors (such as neighborhood deprivation and stressful life events) and to run 
in the same families (2, 3). Psychotic disorders typically begin in early adulthood, but psychotic 
experiences often first occur in adolescence (4).  Individuals reporting psychotic experiences in 
childhood are at greater risk of psychotic disorders in adulthood (5, 6). 
 The last decade has seen increasing interest in the development of clinical interventions 
for individuals at high risk of psychosis(7).  Understanding more about the causes of psychotic 
experiences in adolescence is one approach which might inform the development of such 
interventions.  In adults, twin and adoption studies suggest that both genes and environment 
influence risk for psychotic disorders(8-10).  However, these studies did not address the 
individual psychotic experiences as true dimensional quantitative traits. 
 In adolescence, there is limited understanding about the causes of psychotic 
experiences. Three reports on psychotic experiences (hallucinations and schizotypy traits) in 
adolescents (age 13-19) employing community twin samples of <600 pairs suggest that they are 
moderately heritable (33-57%) with the remaining variance explained by non-shared 
environment (environmental influences that make children growing up in the same family 
different) (11-13).  Larger studies, using measures of the full range of positive, negative, and 
cognitive psychotic experiences, would make it possible to move beyond single heritability 
estimates to test whether etiological influences vary across the distribution of severity, with 
particular focus on the high scorers, and to test whether different psychotic experiences share 
the same etiological influences.  
 A symptom-specific approach to studying the etiology of psychotic experiences is 
encouraged in light of the multifactorial structure of psychotic experiences, as reported in 
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numerous factor analytic studies e.g.(14, 15).  A symptom-specific dimensional approach to 
studying the etiology of psychosis has also been championed by researchers using clinical 
samples(16-20).   
The aim of the present study was to examine the degree of genetic and environmental 
influences on specific psychotic experiences in a community twin sample, and in subgroups 
defined by extreme levels of psychotic experiences (top 5%, 10% and 15%).  Three empirical 
approaches were taken, one that categorized data to identify extreme scores and assumed an 
underlying liability (liability threshold model); one that used a group-based regression method 
(DeFries-Fulker extremes analysis); and one that tested whether there were any significant 
linear changes in the genetic and environmental estimates across the distribution (Cherny 
method).   
Finally, where specific psychotic experiences co-varied, their relationship was 
decomposed to investigate the extent of overlap in genetic and environmental influences 
between different types of psychotic experiences.   
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Method 
Participants 
The Longitudinal Experiences And Perceptions (LEAP) study assessed psychotic experiences in 
adolescents  (15) drawn from the Twins Early Development Study (TEDS), a general population 
sample of monozygotic (MZ) and dizygotic (DZ) twins born in England and Wales between 
1994-1996 (21).  TEDS has full ethical approval.   TEDS originally contacted a sample of 16,302 
families who had recently had twins in 1994-96, of whom 13,488 families responded with a 
written consent form.  Families were not contacted for the LEAP study if they had withdrawn 
from TEDS, had never returned any data, had known address problems, or were special cases, 
most notably medical exclusions. 
Initially, 10,874 TEDS families were contacted and invited to participate in LEAP.  Of those 
contacted, 5076 (47%) parents provided data and 5059 (47%) twin pairs provided data (M = 
16.32 years; SD = 0.68 years).  Individuals were excluded (N = 876) if they did not provide 
consent at first contact (when TEDS was started) or for the present study, if they had severe 
medical disorder, if they had experienced severe perinatal complications or if their zygosity was 
unknown.   The twin sample after exclusions (N = 4743 families) was 45% male.   Participating 
and non-participating families were largely similar with regard to sex, zygosity, ethnicity and 
mother education level.  Further details are provided in eTable 1. The non-participating 
families had higher scores on childhood psychopathology than the participating families. The 
difference of roughly 1 raw score between the participating and non-participating families 
however amounts only to an average of half a point difference on the measure (each item is 
rated 0-2 and even small differences are significant because of the large sample size).  
 
Measures 
Specific Psychotic Experiences Questionnaire (SPEQ) 
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The SPEQ(15) assesses six types of psychotic experiences in adolescents: Paranoia (15 items), 
Hallucinations (9 items), Cognitive Disorganization (11 items), Grandiosity (8 items), and 
Anhedonia (10 items) -- all via self report --, and Negative Symptoms via parent report (10 
items). The SPEQ was developed by selecting and combining items from existing scales for 
adults and adapting wording when necessary to be age appropriate.  Age appropriateness of 
items was ensured via obtaining expert clinical opinion (DF, AGC and PM) and via piloting on 
this age group (described in(15)).  Subscales show good to excellent internal consistency 
(Cronbach’s alpha = 0.77-0.93) and test-retest reliability across a nine-month interval (r = 0.65-
0.74).   
Construct validity was assessed in terms of the principal component analysis supporting the 
separation of the SPEQ subscale items (Ronald et al in press).  Content validity was assessed via 
expert clinical opinion to judge the suitability of items for measuring adolescent psychotic 
experiences (by A.G.C., D.F., and P.M.). Validity was also assessed in terms of agreement with a 
second known measure of adolescent psychosis-like symptoms, the PLIKS (22). Individuals who 
reported “definitely” having any psychosis-like symptoms on the PLIKS had significantly more 
psychotic experiences on all the SPEQ subscales than individuals who did not report any 
definite psychosis-like symptoms (all significant at p<.001) with exception of Anhedonia which 
was not significant.   The SPEQ positive and cognitive psychotic experiences subscales show 
significant positive correlations with the PLIKS quantitative score (Hallucinations r = .60, 
Paranoia r = .48, Cognitive Disorganization r = .41, Grandiosity r = .27, all p<.001).  (15, 22).  
Finally, for all the SPEQ subscales except Anhedonia, individuals who reported a family history 
(having a first- or second- degree relative with schizophrenia or bipolar disorder) scored higher 
than individuals without a family history of psychosis (all p<.05 except Hallucinations which 
showed a trend in this direction). 
 
Further information on how the scales were devised is provided in the Supplement.   
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Statistical analysis 
The twin design  
The rationale is to compare the degree of resemblance among MZ twins, who share 
100% of their DNA sequence, with DZ twins, who share on average 50%.  Relative differences in 
within-pair correlations are then used to estimate the following latent factors on the measures: 
additive genetic (A), shared environment (C), and non-shared environment (E).  Where 
correlations are higher for MZ as compared to DZ twins, genetic influence is inferred. Within-
pair similarity that is not due to genetic factors is attributed to shared environmental influences 
(C), which is thus defined as aspects of the environment that contribute to resemblance 
between family members.  Non-shared environment (E) accounts for individual specific factors 
that create differences among siblings from the same family.  These are estimated from within-
pair differences between MZ twins.  Measurement error is included in this term.   
Twin models in the whole sample 
Statistical analysis was conducted in Mx(23).  Variables were age and sex regressed as is 
standard practice for quantitative genetic model fitting(24).   Twin correlations were estimated 
for each sex and zyosity group.  
Univariate models examined the influences of A, C and E on psychotic experiences.  
Several models were tested and compared to a saturated model: 1) A full sex-limitation model 
allowing for quantitative and qualitative sex differences in addition to variance differences; 2) a 
model allowing for quantitative and variance sex differences; 3) a no sex differences model and 
finally; 4) a variance sex difference model (see 25 for more detail).    Models were compared 
using χ2 difference for nested models, and the Akaike information criterion (AIC), which is equal 
to χ2 minus twice the df (26), was used as an aid to selecting the best-fitting model on the 
grounds of parsimony and goodness of fit.   
Analysis of the extremes 
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Comparisons of genetic and environmental influences across the distribution of psychotic 
experiences were made using three analytic techniques. As sex effects were not estimated, DZ 
opposite sex twins were excluded from these analyses.   
 
Liability threshold modeling 
Liability threshold models were used to estimate the etiology of categorically-defined extreme 
scores.  These models assume that the joint distribution of twin pairs follows an underlying 
bivariate normal distribution(25).  If the estimates of heritability and environmental influences 
of the liability of extreme psychotic experiences at various cut-offs (5%, 10% and 15%) are 
consistent, it would suggest that the etiology of the liability to psychotic experiences does not 
vary across severity.    
 
DeFries-Fulker extremes analysis 
DF extremes analysis investigates the genetic and environmental influences on the difference 
between the mean scores of extreme groups and the whole population(27).  It is designed for 
proband-selected data where at least one twin has an extreme score and is based on regression 
of the co-twin to the mean of a quantitative trait score (for more detail see 27).  A genetic link 
between extremes and the whole sample is implicated if significant group heritability estimates 
are found.   
Cherny method 
The Cherny method is an extension of the DF extremes model and examines whether the 
relative contributions of genes and environment change linearly across the full distribution.  
This is implemented by including interaction effects in a regression equation which allow for 
the estimation of the interaction between the heritability of a trait with the score on the trait 
(see 28).  
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Bivariate model-fitting of relationships between specific psychotic experiences in the whole 
sample 
Bivariate twin models were used to assess the genetic and environmental influences on 
associations between specific psychotic experiences where within-person correlations between 
the different experiences were significant and greater than .20 (15).  In bivariate analysis, MZ 
and DZ correlations are compared across traits, i.e. one twin′s score on a trait is correlated with 
the co-twin′s score on another trait(29). 
A genetic correlation (rA) is derived from the model-fitting and can vary between 0 and 
1, indicating the extent to which genetic influences on one variable overlap with a second 
phenotype.  Correlations can similarly be estimated for shared and non-shared environmental 
factors. The extent to which genetic, shared and non-shared environmental factors contribute to 
the phenotypic correlations can also be calculated. For example, genetic influences on the 
correlation can be calculated by multiplying the square root of the heritability of each variable 
by the genetic correlation. Similar calculations can be done for shared and non-shared 
environmental influences.  
Results 
Univariate-model results for whole sample 
There was some evidence of skew therefore variables were transformed (square root: cognitive 
disorganization, grandiosity, Hallucinations, paranoia; and log: Negative symptoms) as required 
to ensure skew statistics were between -1 and 1.  Descriptive statistics are given in eTable 2.  
Twin correlations are given in Table 1.  DZ correlations were all less than the MZ correlations, 
indicating additive genetic influences on all psychotic experiences.  Shared environmental 
influences were also implicated for some psychotic experiences, for example Parent-rated 
Negative Symptoms, as DZ correlations were more than half the MZ correlation.  As MZ 
correlations were less than 1, non-shared environmental influences were also implied.  There 
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was some indication of sex differences in the etiology, indicated by the different pattern of MZ 
and DZ correlations for male versus female and DZ same sex, and opposite sex pairs. 
Univariate analyses are presented in Table 2. All ACE model fits were acceptable (i.e. 
not significantly worse than the saturated model). No qualitative or quantitative sex differences 
were evident in the genetic and environmental influences on the subscales with the exception of 
Hallucinations where heritability was higher in females compared to males (full details of model 
fit are shown in eTable 3).  All subscales were moderately heritable, ranging from 32% for 
Hallucinations in females to 59% for Parent-rated Negative Symptoms, with the exception of 
Hallucinations in males which showed a low heritability (15%).  Significant shared 
environmental influences were evident for Hallucinations (17% for males, 20% for females) as 
well as Parent-rated Negative Symptoms (24%).  Non-shared environmental influences 
explained a significant proportion of the variance on all subscales (49%-64% for the self-rated 
scales, 17% for Parent-rated Negative Symptoms).  The high genetic and shared environment 
estimates for Negative Symptoms may in part be explained shared method variance as parents 
are reporting on both twins within the pair which can inflate twin correlations. 
Analysis of the extremes 
Liability threshold models 
Table 3 presents the extremes analyses.  The liability threshold model results indicated genetic 
influences for all six types of extreme psychotic experiences, and point estimates were not 
significantly different across the quantitative extreme groups (5%, 10% and 15%) and were 
highly similar to the heritability estimates for the whole sample.   Shared environmental 
influences showed the same pattern as for the whole sample, that is, being significant only for 
Hallucinations and parent-rated Negative Symptoms.  Estimates of non-shared environment on 
the extreme groups were also highly consistent across extreme severity groups and closely 
resembled the whole sample estimates.  
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DF extremes analysis  
Transformed co-twin means were calculated by dividing the co-twin scores by the proband 
mean for each zygosity group.  The transformed co-twin means can be interpreted as twin 
‘group’ correlations because they provide an indication of within pair similarity. They were 
generally higher in MZ twins than DZ twins suggesting additive genetic influences at the 
extremes (Table 3).  Overall, the relationship between twins did not seem to vary substantially 
across the cut-off levels compared to whole sample twin correlations.   
Group heritability estimates were consistent across the 5%, 10% and 15% extreme 
groups as indicated by similar point estimates and overlapping confidence intervals.  The 
significant group heritability estimates indicate a genetic link between extreme psychotic 
experiences and variation in psychotic experiences in the whole sample.  Group shared 
environment estimates also demonstrated consistency across the extremes.    
Cherny analysis 
Analysis using the regression-based Cherny method are presented in Table 4.      There 
was significant linear change in heritability for only one of the psychotic experiences, suggesting 
in general that heritability does not differ across the distribution.  The exception was parent-
rated negative symptoms, which showed decreases in shared environmental influences and 
modest increases in genetic influences with increasing negative symptoms.  
 
Full sample bivariate analyses between subscales 
Bivariate genetic analyses were conducted in the full sample for relationships between 
psychotic experiences where phenotypic correlations were significant and above .20 (see 
eTable 4).  Four relationships met this criterion (paranoia-hallucinations, paranoia-cognitive 
disorganization, hallucinations-cognitive disorganization, cognitive disorganization-parent-
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rated negative symptoms).  Cross-twin cross-trait (CTCT) correlations are presented in Table 1.  
The majority of the MZ CTCT correlations were greater than their equivalent DZ CTCT 
correlation, suggesting genetic influences on the covariation.  Similarly, for most comparisons, 
DZ CTCT correlations were greater than half the MZ CTCT correlations suggesting shared 
environmental influences on the covariation. Finally, MZ CTCT correlations tended to be less 
than the relevant phenotypic correlation indicating that nonshared environment also 
contributed to the covariation.     
Bivariate twin modelling, presented in Table 5, confirmed these observations (full 
model fits shown in eTable 5).   High genetic correlations were evident between paranoia and 
hallucinations; paranoia and cognitive disorganisation; and hallucinations and cognitive 
disorganisation (rA = .61-.63).  A moderate genetic correlation (rA=.27) was between cognitive 
disorganisation and parent-rated Negative Symptoms.  The proportion of the covariation 
between each pair of variables was accounted for primarily by genetic influences; bivariate 
heritabilities ranged from 54% (cognitive disorganisation and negative symptoms) to 71% 
(paranoia and cognitive disorganisation).  Shared environmental influences were important for 
the relationship between cognitive disorganisation and parent-rated negative symptoms only.   
Moderate nonshared environmental correlations were evident between paranoia and 
hallucincations; paranoia and cognitive disorganisation; and hallucinations and cognitive 
disorganisation (rE = .24-.33) indicating some nonshared environmental influences are shared 
between different psychotic experiences.  A lower nonshared environmental correlation 
(rE=.10) was evident between cognitive disorganisation and parent-rated Negative Symptoms.  
A significant proportion of the covariance between psychotic experiences was explained by 
nonshared environment (12-36%). 
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Discussion 
This was the first time that individual psychotic experiences assessed dimensionally in 
adolescence have been examined for genetic and environmental contributions. Over 5000 twins 
were assessed on six spectra of psychotic experiences. We found that psychotic experiences in 
adolescence were moderately heritable, with Paranoia and parent-rated Negative Symptoms 
showing the highest heritability and hallucinations showing the lowest heritability.  Non-shared 
environment played an important role in their etiology.  Shared environment was only 
significant for hallucinations and negative symptoms.  This is in line with previous research 
which has shown a number of environmental risk factors for psychosis which may be specific to 
the individual such as stressful life events, cannabis use and childhood trauma (30-32).  The low 
heritability estimate for hallucinations is consistent with emerging research indicating the 
importance of early trauma for their occurrence(33).  Indeed, the heritability estimates argue 
for a renewed interest in the contribution of the environment to risk for psychotic experiences. 
The extremes analyses indicated that the heritability did not differ for individuals who reported 
the most severe and frequent psychotic experiences compared to the full sample (liability 
threshold model and Cherny method) and that there was a genetic link between the extreme 
group and the rest of the distribution (DeFries Fulker analysis).  These findings add weight to 
the suggestion that psychosis exists on an etiological continuum with subclinical psychotic 
experiences (3).  They have implications for genetic studies of psychotic disorders because if 
extreme, frequent psychotic experiences are part of the same construct as clinically diagnosed 
psychotic disorders (see e.g. (34, 35)), these findings are supportive of the hypothesis that the 
same genes that influence symptoms within psychotic disorders also influence variation in 
psychotic experiences in the general population. So far, one study has been conducted, which 
tested whether a cumulative score of positive psychotic experiences in adolescence was 
associated with the same genetic variants as diagnosed schizophrenia as a whole (36). 
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Previous research suggests that psychotic experiences load onto separate components 
(including in this sample, (14, 15)); for this reason we analysed domains of psychotic 
experiences separately.  The co-variation between psychotic experiences was found to be 
explained by shared genetic influences across domains.   However, it is noted that not all 
domains correlated with one another and genetic correlations did not reach unity, suggesting 
there may be some etiological influences that are distinct across different psychotic 
experiences.  
The twin design is based on several assumptions, including independence of the A, C and E 
latent factors, and ideally findings should be replicated across different study designs (see 37, 
38).  Self-report data of psychotic experiences has been shown to give higher means than 
interview data (39).  It would have been advantageous to report the DF and LT models using 
even more extreme thresholds that more closely mirrored the prevalence of adult psychosis.  
The statistical power afforded with the etiological architecture of these scales (which involve 
modest amounts of A and in some cases C) was not high enough to estimate parameters 
accurately with more extreme (e.g. 1%) cut-offs.  The 5% cut-off included here is similar to the 
prevalence of the at risk mental state (40) and a meta-analysis reported the median prevalence 
of adult psychotic experiences to be within the ranges of the extreme group cut offs, at 7.2% 
(41), but the 5% extreme cut-off does not mirror the prevalence of psychotic disorders.  
However it is noted that one of the other methods used for the extremes analysis, the Cherny 
method, was able to examine whether the relative contributions of genes and environment 
changed linearly across the full distribution of psychotic experiences, which incorporated all 
individuals, including at the very extreme.  It is important to remember that nonshared 
environment estimates (E) include measurement error.  However the E estimates were larger 
than the estimated error in each scale (calculated as 1 minus the Cronbach’s alpha or test-retest 
reliability statistic) suggesting E played an important role in specific psychotic experiences 
beyond measurement error, with the exception of the parent-rated negative symptoms scale, 
where error appeared to make up most of the E term.  
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The large sample enabled etiological sex differences to be tested and gave power to analyse the 
etiology of extreme groups.  It was also advantageous that the full range of positive, negative 
and cognitive disorganisation experiences were included, using a reliable and validated 
measure in a narrow age range (15). 
In conclusion, this study found significant heritability for all psychotic experiences, while also 
showing that environmental influences, particularly nonshared environment, play an important 
role and appear to have a more prominent role than suggested from twin studies on the liability 
of schizophrenia.  Heritability varies by psychotic experience type, being highest for paranoia 
and parent-rated negative symptoms, and lowest for hallucinations.  These findings suggest that 
the same genetic and environmental causal factors influence extreme, frequent, psychotic 
experiences and milder, less frequent manifestations in adolescents.  A recognized challenge is 
to identify individuals at high risk of developing psychotic disorders prior to disease onset (42).  
To the extent that severe frequent psychotic experiences are indicators of risk for psychosis, 
these findings reveal their etiological architecture and can be used to guide molecular genetic 
and environmental risk factor investigations.    
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Table 1: Twin Correlations with 95% confidence intervals 
 MZM DZM MZF DZF DZOS 
Cross-twin within trait correlations 
Paranoia .47 (.41-.52) .28 (.20-.34) .55 (.51-.59) .30 (.23-.35) .24 (.19-.28) 
Hallucinations .37 (.30-.43) .27 (.20-.34) .48 (.43-.53) .33 (.27-.39) .23 (.18-.28) 
Cognitive disorganisation .40 (.34-.46) .30 (.23-.37) .50 (.45-.54) .20 (.13-.26) .24 (.19-.28) 
Grandiosity .48 (.42-.53) .23 (.16-.30) .49 (.45-.54) .31 (.25-.37) .24 (.19-.29) 
Anhedonia .47 (.41-.53) .23 (.16-.30) .49 (.44-.53) .26 (.20-.32) .19 (.14-.24) 
Negative symptoms .83 (.80-.85) .53 (.47-.58) .83 (.81-.85) .59 (.55-.63) .50 (.46-.54) 
Cross-twin cross trait correlations 
Paranoia-hallucinations .24 (.17-.31) .13 (.05-.20) .31 (.25-.36) .19 (.17.25) .15 (.10-.20) 
Paranoia-cognitive disorganisation .24 (.17-.31) .17 (.09-.24) .32 (.26-.37) .18 (.11-.24) .15 (.10-.20) 
Hallucinations-cog disorganisation .20 (.13-.27) .25 (.17-.32) .33 (.27-.38) .22 (.16-.28) .15 (.10-.20) 
Cognitive disorganisation-negative symptoms .23 (.16-.30) .19 (.11-.26) .22 (.16-.28) .20 (.14-.26) .15 (.10-.20) 
Note: MZM=monozygotic males, DZM=Dizygotic males, MZF=monozygotic females, DZF=dizygotic females, DZOS=dizygotic opposite sex.  Self-report 
data was available for 1400 MZ males, 1319 DZ males, 1995 MZ females, 1770 DZ females, 2998 DZ opposite-sex twin pairs.  Parent-report data was 
available for 1410 MZ males, 1322 DZ males, 1994 MZ females, 1760 DZ females, 3024 DZ opposite-sex twin pairs 
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Table 2.  Full sample univariate parameter estimates for full ACE models (95% confidence 
intervals) 
 
Note. N = number of individuals; A = additive genetic influences; C = shared environmental 
infleucnes; E=non-shared environmental influences   
  N A C E 
Paranoia  9465 .50 (.41-.54) .01 (.00-.09) .49 (.46-.52) 
Hallucinations Male 4213 .15 (.00-.34) .20 (.05-.34) .64 (.58-.71) 
 Female 5260 .32 (.18-.46) .17 (.05-.29) .51 (.47-.56) 
Cognitive Disorganisation  9463 .43 (.33-.49) .02 (.00-.10) .55 (.51-.58) 
Grandiosity  9467 .44 (.34-.51) .04 (.00-.12) .52 (.49-.55) 
Anhedonia  9470 .47 (.41-.50) .00 (.00-.05) .53 (.50-.56) 
Negative symptoms  9445 .59 (.54-.64) .24 (.19-.29) .17 (.16-.18) 
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Table 3.  Extremes analysis  
  Cut-off Level  
 >85% >90% >95% 
Paranoia    
Co-twin means    
MZ .48 (N=561) .44 (N=367) .42 (N=178) 
DZ .27 (N=495) .22 (N=312) .22 (N=156) 
Proband Concordances    
MZ .44 .32 .26 
DZ .30 .23 .18 
Tetrachoric correlations    
MZ .56 (.47-.63) .47 (.36-.56) .53 (.39-.65) 
DZ .34 (.24-.43) .33 (.20-.47) .38 (.21-.54) 
DF Extremes    
hg2 .42 (.24-.60) .43 (.24-.61) .41 (.20-.62) 
cg2 .05 (-.09-.20) .01 (-.13-.16) .01 (-.16-.18) 
LT estimates    
h2 .44 (.19-.63) .27 (.00-.55) .27 (.00-.63) 
c2 .12 (.00-.33) .20 (.00-.45) .25 (.00-.54) 
e2 .45 (.37-.53) .53 (.44-.64) .48 (.36-.62) 
Hallucinations    
Co-twin means    
MZ .45 (N=546) .40 (N=383) .38 (N=188) 
DZ .31 (N=493) .27 (N=325) .28 (N=167) 
Proband Concordances    
MZ .41 .32 .26 
DZ .33 .27 .20 
Tetrachoric correlations    
MZ .52 (.44-.60) .47 (.36-.56) .50 (.35-.62) 
DZ .39 (.29-.48) .38 (.29-.49) .41 (.25-.56) 
DF Extremes    
hg2 .21 (.07-.40) .22 (.04-.39) .19 (-.03-.40) 
cg2 .17 (-.25-.40) .15 (-.21-.37) .17 (-.24-.42) 
LT estimates    
h2 .27 (.02-.52) .15 (.00-.45) .15 (.00-.55) 
c2 .25 (.04-.46) .32 (.06-.50) .35 (.01-.55) 
e2 .48 (.40-.56) .54 (.44-.64) .51 (.38-.63) 
Cognitive 
Disorganisation 
   
Co-Twin means    
MZ .43 (N=681) .34 (N=455) .26 (N=258) 
DZ .33 (N=670) .27 (N=431) .18 (N=251) 
Proband Concordances    
MZ .43 .34 .23 
DZ .33 .27 .18 
Tetrachoric correlations    
MZ .46 (.39-.54) .44 (.34-.53) .37 (.24-.50) 
DZ .24 (.14-.33) .30 (.19-.41) .26 (.12-.41) 
DF Extremes    
hg2 .33 (.18-.49) .30 (.13-.46) .33 (.14-.52) 
cg2 .10 (-.02-.22) .13 (-.00-.26) .06 (-.10-.21) 
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LT estimates    
h2 .45 (.23-.54) .29 (.01-.53) .22 (.00-.51) 
c2 .00 (.00-.20) .15 (.00-.38) .16 (.00-.40) 
e2 .53 (.46-.55) .55 (.47-.65) .62 (.50-.76) 
Grandiosity    
Co-twin means    
MZ .50 (N=571) .49 (N=346) .48 (N=214) 
DZ .25 (N=483) .26 (N=377) .27 (N=182) 
Proband Concordances    
MZ .48 .39 .32 
DZ .29 .25 .18 
Tetrachoric correlations    
MZ .62 (.55-.69) .60 (.51-.68) .57 (.45-.67) 
DZ .30 (.20-.42) .32 (.21-.43) .34 (.18-.49) 
DF Extremes    
hg2 .51 (.33-.68) .46 (.28-.65) .41 (.21-.61) 
cg2 -.01 (-.15-.13) .07 (-.11-.17) .08 (-.10-.22) 
LT estimates    
h2 .62 (.37-.68) .58 (.29-.68) .44 (.05-.67) 
c2 .00 (.00-.21) .02 (.00-.25) .13 (.00-.45) 
e2 .38 (.32-.46) .40 (.32-.49) .44 (.33-.56 
Anhedonia    
Co-twin means    
MZ .50 (N=514) .49 (N=295) .46 (N=202) 
DZ .29 (N=546) .29 (N=277) .30 (N=192) 
Proband Concordances    
MZ .42 .49 .27 
DZ .32 .26 .18 
Tetrachoric correlations    
MZ .54 (.45-.61) .51 (.40-.61) .48 (.34-.60) 
DZ .29 (.16-.42) .29 (.16-.42) .28 (.11-.44) 
DF Extremes    
hg2 .41 (.24-.57)  .36 (.17-.55) .32 (.11-.54) 
cg2 .09 (-.04-.23) .11 (.00-.26) .13 (-.04-.30) 
LT estimates    
h2 .51 (.25-.62) .42 (.08-.61) .41 (.00-.60) 
c2 .04 (.00-.25) .08 (.00-.61) .07 (.00-.42) 
e2 .46 (.38-.54) .49 (.39-.61) .52 (.40-.66) 
Negative symptoms    
Co-twin means    
MZ .80 (N=578) .81 (N=433) .77 (N=199) 
DZ .50 (N=525) .44 (N=327) .41 (N=175) 
Proband Concordances    
MZ .73 .73 .61  
DZ .51 .39 .30  
Tetrachoric correlations    
MZ .91 (.88-.94) .91 (.88-.94) .86 (.80-.91) 
DZ .60 (.51-.69) .60 (.51-.69) .57 (.44-.69) 
DF Extremes    
hg2 .62 (.43-.81) .74 (.55-.94) .71 (.49-.93) 
cg2 .19 (.03-.35) .07 (-.09-.23) .06 (-.12-.23) 
LT estimates    
h2 .44 (.30-.60) .59 (.41-.79) .58 (.33-.87) 
c2 .45 (.31-.58) .32 (.13-.49) .28 (.01-.51) 
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Note. MZ=monozygotic, DZ=dizygotic, DF=DeFries-Faulker, hg2=group heritability, cg2=group 
shared environmental influences, LT=Liability threshold, h2=heritability estimate, c2=shared 
environmental estimate, e2=non-shared environmental estimate 
 
e2 .11 (.08-.14) .09 (.06-.12) .14 (.09-.20) 
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Table 4: Cherny results: tests of linear changes in heritability across the distribution 
 
Note:*<.05, **p<01.  Significant h2 and c2 indicate significant genetic and shared 
environmental influences respectively.  Significant linear effects suggest that genetic (h2 
linear) or shared environmental (c2 linear) influence significantly increase/decrease at 
the extremes. Quadratic effects were tested but were not significant, results available 
from first author on request. N = Number of twin pairs.
   N  h2 c2 h2 linear c2 linear 
Paranoia   3214  .52 (.35/.69)** .05 (-.04/.19) -.06 (-.14/.02) .00 (-.06/.07) 
Hallucinations   3224  .15 (-.05/.36) .27 (.11/.44)** .06 (-.01/.13) -.06 (-.13/.00) 
Cognitive disorganisation   3216  .45 (.31/.58)** .05 (-.06/.16) -.07 (-.19/.05) .02 (-.12/.23) 
Grandiosity   3218  .49 (.33/.66)** .05 (-.08/.19) -.02 (-.11/.07) .00 (-.07/.07) 
Anhedonia   3218  .43 (.29/.56)** .07 (-.03/18) -.05 (-.14/.05) .02 (-.05/.09) 
Negative symptoms   3237  .38 (.21/.53)** .49 (.36/.61)** .09 (.04/.14)** -.13 (-.17/-.09)** 
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Table 5:  Bivariate parameter estimates for best fitting models 
 
      Proportion of rPh due to: 
 N rPh rA rC rE A C E 
Para-hall 9468 .47 (.46-.49) .61 (.57-.65) - .33 (.30-.37) .64 (.59-.69) - .36 (.31-.41) 
Para-cog disorg 9463 .42 (.41-.43) .62 (.57-.66) - .24 (.20-.27) .71 (.66-.76) - .29 (.24-.34) 
Hall-cog disorg 9468 .44 (.43-46) .63 (.59-.68) - .28 (.24-.31) .66 (.61-.71) - .34 (.29-.39) 
Cog disorg-neg symp 9453 .25 (.23-.28) .27 (.19-.36) 1.00 (.57-1.00) .10 (.05-.15) .54 (.35-.73) .34 (.18-.50) .12 (.07-.18) 
Note.  rPh=phenotypic correlation; rA=genetic correlation; rC=shared environmental correlaion; rE=non-shared environmental correlation.  95% 
confidence intervals in parentheses. N = number of individuals. 
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Further details on the SPEQ measure 
SPEQ Paranoia included items adapted from the Paranoia Checklist (43), rated on a 6-
point scale: “Not at all” (0),“Rarely” (1), “Once a month” (2),“Once a week” (3), “Several times a 
week” (4), “Daily” (5) as per the published instrument.   SPEQ Hallucinations were assessed with 
items from the Cardiff Anomalous Perceptions Scale (CAPS; 44) using a 6-point scale: “Not at all” 
(0), “Rarely” (1), “Once a Month” (2), “Once a Week” (3), “Several Times a Week” (4), “Daily” (5) as 
per the published instrument.  SPEQ Cognitive Disorganisation was assessed using items from 
the short version of the Oxford-Liverpool Inventory of Feelings and Experiences (O-LIFE; 45) 
using “yes”(1) “no”(0) responses as per the published instrument. SPEQ Grandiosity was 
assessed with  items from the “Myself” sub-scale of Cognition Checklist for Mania-Revised (CCL-
M-R; 46), the Peters et al. Delusions Inventory (PDI; 47), and items developed from clinical case 
studies. Responses were measured on a 4-point scale: “Not at all” (0), “Somewhat” (1), “A great 
deal” (2), “Completely” (3) as per CCL-M-R (46).  SPEQ Anhedonia was assessed with  items from 
the anticipatory pleasure subscale of the Temporal Experience of Pleasure Scale (TEPS; 48) 
using a 6-point scale (rated in terms of Hedonia; the total scale was then reversed): “Very false 
for me” (0), “Moderately false for me” (1), “Slightly false for me” (2), “Slightly true for me” (3),  
“Moderately true for me” (4), “Very true for me” (5), as per the original instrument (48).  SPEQ 
Negative Symptoms was assessed with items devised from the Scale for the Assessment of 
Negative Symptoms (SANS; 49). Items tapped into five key areas of the SANS: affective flattening 
or blunting, alogia, avolition-apathy, anhedonia-asociality, and attention and were rated on a 4-
point scale: ‘Not at all true” (0), “Somewhat true” (1), “Mainly true” (2), “Definitely true” (3).  
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eTable 1. Information on the participating and non-participating families in the study.  
 Participating  Non-participating  
Male 45%  53%   
Monozygotic 35%  32%   
White 94%  91%   
Mothers had one or more A-levels (UK advanced educational 
qualification) as highest qualification 
16%  12%   
  M SD M SD p 
SDQ Total scale, age 4 years 8.54 4.44 9.41 4.70 <.001 
SDQ Emotional problems subscale, age 4 years 1.33 1.41 1.46 1.50 <.001 
SDQ Total scale, age 12 years 6.80 5.03 7.91 5.44 <.001 
SDQ Emotional problems subscale, age 12 years 1.81 1.91 1.93 2.03 <.05 
Note. SDQ, Strengths and Difficulties Questionnaire.   
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eTable 2. Descriptive statistics for psychotic experiences 
 
 Males Females  MZ DZ ANOVA 
 Mean (SD) Mean (SD) Mean (SD) Mean (SD) Sex Zyg Sex*Zyg R2 N 
Paranoia 11.76 (10.42) 12.45 (10.71) 11.79 (10.45) 12.33 (10.65) .01 .05 .27 .00 4731 
Hallucinations 4.29 (5.77) 4.89 (6.07) 4.45 (5.92) 4.71 (5.96) .00 .11 .99 .00 4739 
Cognitive disorganization 3.40 (2.73) 4.39 (2.87) 3.86 (2.83) 4.00 (2.86) .00 .02 .68 .03 4732 
Grandiosity 5.83 (4.56) 4.40 (4.25) 5.25 (4.34) 5.34 (4.45) .00 .00 .73 .01 4735 
Anhedonia 18.53 (7.99) 14.60 (7.43) 16.10 (7.95) 16.50 (7.91) .00 .47 .82 .06 4735 
Negative symptoms 3.18 (4.10) 2.52 (3.69) 2.64 (3.58) 2.91 (4.06) .00 .02 .02 .01 4746 
 
Note. Means and standard deviations presented prior to transformation.  MZ=Monozygotic twins; DZ=Dyzygotic twins; Zyg=zygosity. Sex*Zyg = p-
value associated with the effects of the interaction between sex and zygosity on the means; R2 = proportion of the total variance explained by sex and 
zygosity; N= number of 1 randomly selected individual from each twin pair. Mean sex differences were previously described in Ronald et al (in 
press). 
  
 34 
 
 
eTable 3 Univariate model fits for whole sample 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note. Models were fitted using raw data maximum likelihood Best fittings model shown in bold 
and selected using the χ2 difference and AIC.  The fit statistics provided by Mx for raw data 
modelling are minus twice the log likelihood (-2LL) of the observations.  This is not an overall 
measure of fit, but provides a relative measure of fit, since differences in -2LL between models 
are distributed as χ2.  Therefore, to examine the overall fit of the genetic model, it is necessary 
to compare the -2LL to that of a saturated model.  If the difference in χ2 is non-significant the 
model is said to have a good fit.  Lower AIC values reflect a better fit, a difference in AIC between 
Model -2ll df χ2 Δdf p AIC 
Paranoia 
1. Saturated 32404.65 9438 - - - - 
2. ACE SD 32418.21 9451 13.559 13 0.406 -12.44 
3.ACE qual 32418.95 9452 14.300 14 0.428 -13.700 
4. ACE sc 32423.72 9454 19.102 16 0.263 -12.898 
5. ACE no effects 32439.65 9455 35 17 0.006 1 
Hallucinations 
1. Saturated 30131.80 9448 - - - - 
2. ACE SD 30138.14 9461 6.339 13 0.933 -19.661 
3. ACE qual 30140.51 9462 8.714 14 0.849 -19.286 
4. ACE sc 30156.98 9464 25.184 16 0.067 -6.816 
5. ACE no effects 30243.95 9465 112.156 17 0.000 78.156 
Cognitive Disorganisation 
1. Saturated 18359.35 9438 - - - - 
2. ACE SD 18377.41 9451 18.053 13 0.156 -7.947 
3.ACE qual 18377.41 9452 18.053 14 0.204 -9.947 
4. ACE sc 18383.94 9454 24.587 16 0.077 -7.413 
5. ACE no effects 18468.62 9455 109.623 17 0.000 75.263 
Grandiosity 
1. Saturated 22070.85 9440 - - - - 
2. ACE SD 22086.91 9453 16.065 13 0.246 -9.935 
3.ACE qual 22086.91 9454 16.065 14 0.310 -11.939 
4. ACE sc 22092.06 9456 21.21 16 0.171 -10.79 
5. ACE no effects 22189.31 9457 118.46 17 0.000 84.457 
Anhedonia 
1. Saturated 64719.40 9443 - - - - 
2. ACE SD 94729.22 9456 9.642 13 0.723 -16.36 
3.ACE qual 64729.22 9457 0 14 0.775 -18.17 
4. ACE sc 64734.44 9459 15.044 16 0.521 -16.96 
5. ACE no effects 64753.13 9460 33.730 17 0.009 -0.270 
Negative symptoms 
1. Saturated 20554.86 9418 - - - - 
2. ACE SD 20569.24 9431 14.38 13 0.348 -11.62 
3.ACE qual 20570.88 9432 16.01 14 0.313 -11.99 
4. ACE sc 20576.36 9434 21.50 16 0.160 -10.50 
5. ACE no effects 21004.71 9435 449.847 17 0.000 415.84 
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two models of 2 or less, suggests evidence for both models (the most parsimonious model 
should be chosen), a difference of 3 indicates that the lower AIC model has more support and a 
difference of more than 10, indicates that the lower AIC model is a better fit compared to the 
higher AIC model (50).  For example, although models 2, 3 and 4 provided a good description of 
the data for Paranoia (chi-square difference non-significant compared to saturated model) AIC 
estimates were very similar (within 2 of each other) thus model 4 was selected in line with rules 
of parsimony.  -2LL = negative 2 log likelihood; df = degrees of freedom; X2= likelihood ratio X2 
test comparing the -2LL fit of each model to the -2LL fit of the saturated model; Δdf = difference 
in degrees of freedom comparing each model to the saturated model; AIC = Akaike’s 
Information Criterion); p = p-value. ACE SD: genetic and environmental influences specified 
separately for males and females, qualitative differences also estimated by allowing either rA or 
rC to vary for DZ opposite-sex twins.  ACE Qual: genetic and environmental influences specified 
separately for males and females, rA or rC not allowed to vary for DZ opposite-sex twins. ACE sc: 
ACE estimates equated across sex but not variances. ACE no effects: ACE estimates and 
variances equated across sex.    
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eTable 4: Phenotypic correlations between psychotic experiences 
 Paranoia Hallucinations Cognitive 
Disorganization 
Grandiosity Anhedonia 
Hallucinations .45 (.43-.48)**     
Cognitive 
Disorganization 
.40 (.38-.43)** .41 (.38-.43)**    
Grandiosity .10 (.07-.12)** .20 (.17-.22)** .01 (-.02-.03)   
Anhedonia .08 (.05-.11)** .02 (-.01-.05) .03 (-.01-.06) -.16 (-.19-.13)**  
Negative symptoms .16 (.13-.19)** .14 (.11-.16)** .23 (.21-.26)** -.01 (-.04-.02) .14 (.11-.17)** 
 
Note.  Pearson correlations presented prior to transformation and age and sex regression.  Correlations between subscales were previously 
described in Ronald et al (in press) 
**p<.01 
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eTable 5: Bivariate model fits for whole sample 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: Best fittings model shown in bold.  -2LL = negative 2 log likelihood; df = degrees of 
freedom; X2= likelihood ratio X2 test comparing the -2LL fit of each model to the -2LL fit of the 
saturated model; Δdf = difference in degrees of freedom comparing each model to the saturated 
model; p = p-value. 
 
 
Model -2ll df χ2 Δdf p 
Cognitive disorganization-Negative symptoms 
1. Saturated 38361.43 18836 - - - 
2. ACE  38712.65 18890 - - - 
3.AE  38783.64 18893 70.99 3 .00 
4. CE 39261.91 18893 549.61 3 .00 
5. E 42104.64 18896 3391.988 6 .00 
Cognitive disorganization-Hallucinations 
1. Saturated 46578.63 18866 - - - 
2. ACE  46783.29 18920 - - - 
3.AE  46791.25 18923 7.96 3 .05 
4. CE 46903.16 18923 119.87 3 .00 
5. E 47773.25 18926 989.96 6 .00 
Cognitive disorganization-Paranoia 
1. Saturated 49067.47 18856 - - - 
2. ACE  49188.56 18910 - - - 
3.AE  49189.82 18913 1.26 3 .74 
4. CE 46364.99 18913 176.43 3 .00 
5. E 50337.80 18916 1149.24 6 .00 
Paranoia-Hallucinations  
1. Saturated 60311.74 18866 - - - 
2. ACE  60471.69 18920 - - - 
3.AE  60475.86 18923 4.17 3 .24 
4. CE 60627.66 18923 155.97 3 .00 
5. E 61635.30 18926 1163.61 6 .00 
